INTRODUCTION
Within the past century neuroscientists have discovered many functional maps in the mammalian brain, but until recently, data had led the scientists to assume that detailed maps of directional sensory information from the outside world were located only in the visual cortex (Imamura et al, 2006) . Decades ago the barrel-shaped cortical structures known as the barrel field were found to map each whisker in a precise location. Recent studies 
MATERIALS AND METHODS
Imaging of voltage-sensitive dye optic signals was performed on 6 adult rats (Sprague-Dawley, male, weight 200-300 g; age 2-3 months). All animals were initially anesthetized with intraperitoneal ketamine (90 mg/kg, Hospira) and xylazine (2.0 mg/kg body weight, i.m., Hospira) and then sustained with urethane (1.25 gm/kg), and furosemidae sulfate (0.1 mg/kg body weight, i.m., Hospira) (Tsytsarev et al, 2008) . Body temperature was maintained at 37°C with a heating blanket (Harvard Apparatus, Holliston, MA).
The animal was rigidly fixed in a stereotaxic frame placed on a vibroisolated table (Bahar et al, 2006) . The skin at the dorsal part of the head was removed so that the cranium above the left somatosensory cortex could be removed using a dental drill. A chamber made of high density silicon was constructed above the hole in the skull and dura mater was removed at the recording area. A detailed description of the experimental technique has been described previously (Tsytsarev, 2008) . The voltage-sensitive dye, RH-1691 (Optical Imaging, 0.6 mg/ml in artificial cerebrospinal fluid (ACSF)), was applied to the exposed cortex for approximately 1 hr. After staining, the cortex was washed with dye-free ACSF for approximately 15 min. To suppress brain pulsation originating from respiratory and cardiovascular movements, the chamber was filled with agar (0.3 % in ACSF) and then sealed with a cover. A 16-bit CCD camera (Cascade 512B, Roper Scientific) was positioned above the chamber and directed such that its optical axis was perpendicular to the cortical surface and focused 0.3 mm below the cortical surface. The final three prestimulus frames were averaged and used as a baseline, subtracted from each subsequent frame to decrease noise (Tsytsarev et al., 2004) . This procedure (firstframe analysis) was applied to the recorded signals at each trial, which were then averaged.
Pseudocolor images (Figure 1, A) of the cortical surface were generated after the experiments (Chen-Bee et al, 2007).
The algorithm of each experiment is as follows: TTL-pulse is generated by the Spike- For initial optical imaging, we constructed a functional map using first frame analysis as defined above for each individual trial (Tsytsarev et al, 2008 ) and then averaging the data for each stimulus. As a result we received an image of the activated area in each frame as a response to each stimulus (Fig. 2, A) . For the spatio-angular analysis we used an optical signal that had been obtained before and after the impact of the stimulus. At this point in the analysis and throughout the rest of the study we used the pixels of the CCD-camera as a scale factor, since the area of recording was always 40 x 40 pixels. All other parameters of recording were also kept constant.
After first frame analysis, the activated areas were identified by the number of activated pixels exhibiting a change in fluorescence (∆F/F) greater than 0.5% (fixed threshold). We applied this fixed threshold for all the data collected in the 6 control experiments (4 stimuli each), and thus determined areas (activity patterns) activated by different stimuli (Fig 2, B) . Then, using corresponding MATLAB code, we found the center Fig.1, B . We have not observed a significant difference between the optical time courses in response to different stimuli.
The number of pixels where the optical signal was in excess of threshold was analyzed statistically (Fig. 3B) . The signal usually appeared just after the frame when the The axons of POm neurons project to targets immediately ventral to the S1 and S2 (Fig. 3,   D) . It is likely that angularly selective neurons in the barrel are characterized by a Vshaped histogram of deflection angle / deflection intensity similar to how the neurons in the auditory cortex have a V-shaped histogram of sound frequency / sound intensity. Each neuron is most sensitive to vibrissa deflection in one strictly defined direction (Fig. 4) .
Increase of the deflection's strength is indicated by an increase of the number of neurons which respond to the deflection. Presence of these neurons and their morphological localization in a circular formation around the barrel is the key finding of our investigation.
In summarizing the obtained data, we suppose that barrel cortex neurons not only are 
